Abstract. The aim of the study was to clarify the influence of the height, the setup of an angle of the boom sprayer and the pressure of liquid on the value of the coefficient of variation of the transverse liquid distribution. Single XR 11003 VP and dual TJ 6011006 VS stream atomizers were used in the study. Nozzle spacing on the boom sprayer was 0.5 meters. The average temperature of water used to this test was14 ºC. The measurement of the coefficient of variation of the transverse liquid distribution was performed using an automatic groove table Hardi Spray Scanner with groove resolution of 100 mm. The final result was expressed by the coefficient of variation of the transverse liquid distribution according to ISO 5682-3. Regardless of the use of the single or dual stream atomizers the strongest impact on the value of the coefficient of variation of the transverse liquid distribution had the height of the boom sprayer, then the angle of the boom setup and the smallest the pressure of the liquid. Regardless of the combination of the analyzed variables the use of the dual stream atomizers results in a reduction of the coefficient of variation of the transverse liquid distribution in relation to the use of the single stream atomizers. Deflection of the boom sprayer at the angle of 5 degrees significantly increases the value of the coefficient of variation of the transverse liquid distribution. For the single and dual stream atomizers they were 8.56 % and 9.07 %, respectively.
Introduction
The development of the plant protection technology makes the placing on the market newer and newer technical solutions in order to reduce the use of pesticides and improve the efficiency of their actions. To take the full advantages of the available technique, it must be combined with rational performing the procedure, which results from the consciousness of the sprayer operator. The use of new solutions must be preceded by studies that demonstrate the benefits and dangers for the environment. One of such solutions is to use dual stream nozzles. These elements have a great influence on the quality of application from the view of devices for pesticide application. Using the appropriate nozzles gives the required amount of liquid pesticide on the plant surface. The characteristic of the nozzle work allows to reduce the excessive application of liquid to the upper zones of the plants and increases the liquid application on the vertical bottom parts [1] [2] [3] .
To the advantages of these nozzles may be included the possibility of increasing the working speed while maintaining the required degree of coverage on the sprayed surfaces [4] . The important factor that describes the quality of application is the value of the coefficient of variation. That coefficient depends on the working pressure of pumping application and the way of disintegration of the liquid that flows through the nozzles [5] . However, during working the working parameters may be changed due to the impact of the field conditions. Uncontrolled tilts of the boom sprayer and changes of the working height will cause: increase in the value of the inequality coefficient of spraying, excessive drift of liquid and ecological threats to neighboring crops [6] [7] [8] [9] [10] . The effectiveness of treatment in these conditions can be limited and depends largely on the uniformity of the liquid precipitation on the sprayed surfaces and on the degree of coverage [4; 11-13] .
Therefore, the aim of the study was to clarify the influence of the height, the setup of an angle of the boom sprayer and the pressure of liquid on the values of the coefficient of variation of the transverse liquid distribution for the boom sprayer equipped with single and double-stream atomizers.
Materials and methods
Measurements of spraying inequality were carried out in the laboratory conditions. The field sprayer pump was driven by an electric motor through a continuously variable transmission. Fixing the boom sprayer allowed to a smooth change in its height and angle settings. Controlling the flow of liquid was carried out using a constant pressure control valve with pressure compensation for each section. Single XR11003-VP and dual TJ 60 110 06 VS stream atomizers were used in the study. The nozzles were mounted on the five positional heads on a four meter section of the boom sprayer. The nozzle spacing on the boom sprayer was 0.5 meter. The average temperature of water used to this test was 14 ºC. The measurement of the coefficient of variation of the transverse liquid distribution was performed using an automatic groove table -Hardi Spray Scanner with groove resolution of 100 mm [14] . During the test, the device was automatically moved on the aluminum rails, measuring the liquid distribution for the successive segments of the boom sprayer. Supporting program calculated the instantaneous measurements giving the final result expressed by the coefficient of variation of the transverse liquid distribution according to ISO 5682-3 [15] : In the course of the study the variable parameters were: working pressure, slope and height of the boom sprayer over the measuring table. Changes of the liquid pressure were carried out in the range from 0.2 to 0.4 MPa, every 0.05 MPa with an accuracy of 0.01 MPa. The slope of the boom sprayer was varied from 0 to 5 degrees every 1 degree with an accuracy of 0.1 degree. The range of the heights of the boom sprayer over the measuring table was from 0.4 to 0.6 m, every 0.1 m with accuracy of 0,005. The layout of variables was repeated for both boom sprayers with single and dual stream atomizers. For each combination of variables the measurements were repeated three times.
Results and discussion
The research results were statistically analyzed in order to verify the significance of differentiation of the values of the coefficient of variation of the transverse liquid distribution in each measuring system for the tested single and dual stream atomizers. The analysis also included two and three factor interactions between the tested parameters. For all of the main factors and four pairs of interactions between them, the analysis of variation showed statistically significant differentiation at α = 0.05 level (Table 1) . For two variants of the used atomizers the decrease in the values of the coefficient of variation of the transverse liquid distribution along with increasing the height of the boom sprayer setup were observed (Fig. 1) . It could be stated that independently from the changes in the liquid pressure and setup of the boom sprayer angle, the higher values for the single stream atomizer were observed. For the single stream atomizers the highest value for the height of the boom sprayer of 0.4 m was observed and it was 8.69 %. Increase in the height of the boom sprayer by 0.2 m caused decrease in the coefficient of variation value by 3.11 %. For the dual stream atomizer, the highest value of that coefficient was observed for the lowest tested height of the boom sprayer (0.4 m) also and it was 7.45 %. For this atomizer increase in the height of the boom sprayer caused decrease in the coefficient of variation value, however, the lowest value was observed for 0.5 m height and it was 4.82 %. Further increase in the height of the boom sprayer to 0.6 m height caused slight increase in the coefficient of variation to 5.39 %. Lower values of the coefficient of variation of the transverse liquid distribution for higher working heights are the result of a greater coverage of the range for spray in such an operating system. This is particularly evident for double stream atomizers, where we have double spray streams, hence the more favorable values for this type of sprayers.
The change of the angle of the boom setup in the range from 0º to 5º, independently from the changes of the pressure of the liquid and height of the boom sprayer, for single and dual stream atomizers caused increase in the values of the coefficient of variation of the transverse liquid distribution (Fig. 2) . Higher values were observed for single stream atomizers, and they were 5.19 % for horizontally positioned boom and increased to 8.56 % for the angle of 5º. Average change per unit of the coefficient of variation was 0.67 % for 1º of boom tilting. The boom sprayer with dual stream atomizers was characterized by lower values of the coefficient and in the range of 0-4º they were from 4.61 % to 6.36 %, respectively. However, for the boom sprayer tilting at 5º this coefficient had the highest value and it was 9.07 %. Hence, the average change of the coefficient of variation per unit for boom sprayer with dual stream atomizers was 0.89 % for every 1º of boom tilting. Inclination of the boom relative to the ground worsens the spraying conditions. The observed situation is the result of overlapping the spraying fans in the part of the boom that is high over the measuring table during inclination. Simultaneously, there is no cover of spraying fans in the part of the boom when it is low over the table. In extreme cases a zone can occur, in which a non sprayed strip of crops remains. For dual stream atomizers it is less visible because of double streams. However, at high angle of the boom setup -the change from 4º to 5º, the coefficient of variation increased by 2.71 %. It is involved with dispersion of liquid high above the spraying surface and thus worsens the variation.
The changes of the pressure of the liquid, independently from the changes of the height and angle of the boom sprayer, slightly affected the values of the coefficient of variation of the transverse liquid distribution (Fig. 3) . 
